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Abstract of WO20050 14760 

A lubricating oil for lubricating contacting faces being opposed to each other and moving relatively, 
wherein at least one of the faces is coated with DLC, characterized in that the lubricating oil satisfies the 
following requirements (a) and (b): (a) it comprises a base oil for a lubricating oil containing, as a primary 
component, a base oil comprising at least one of a hydrogenolysis mineral oil, a wax isomerizatlon 
mineral oil and a poly-alpha-olefinic base oil, exhibiting a kinetic viscosity at 100 DEG C of 2 to 20 
mm<2>/s and having a total content for aromatics of 5 wt % or less and a sulfur content of 0.005 wt % or 
less, and (b) it contains sulfur in an amount of 0.2 wt % or less. The present invention further provides a 
method for lubricating DLC contacting faces and a system having DLC contacting faces. 
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^^/W-2, 2-v^^^/1^3-^>'^'y— S-p^f^/W:^^^/— /V^t^y-:?-/—/!^. 1- 
f-fJ^—fV^ l-f-flJ—fV^ Ar-filJ—fV^ 3. 7-v^y^/Wl-;^i5'^5'y— /V, 2, 4. 

^)V^ Thy^^y—/v. ^i^^f^J—fV, ^^^^-fij—^v^ ^^'^y'ij^^jv, 
[0034] ^^\mr)v^=-ivr)\^^—j\^h}jx\-t^ zxjt^—jv^ zfv2^y—j\^, 
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— >^^/^->'^a^^1^y— yw, 3, 3, 5, ^-r-Y'7:^'f-J\^yi'x^^^'^/^;v^t^ 

jV/-^;Vya:L=^jVT)V::i—jV, 2, Q--^—X.&rt--f'f-?V-A—:x.'f-;V-7ai.=^fVTfV^^;V 

[0036] MIS2ffir/V3~^i-f:i. tKn^iz/w^Sr^^-^!- cfi j3:2o^-t-6t)(??t?fei9 > -^Jx-f^ . 
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[0037] ttjf&T/U^/UXi'iiTJU^^/UZ?:^—/UtVXi-i^ MK-tt^ cn^yW^y^w-ZU, i;?:x: 

1. 4--:f^>'iy:t'~-^^s 1. 2-:/^^^-:^;^— yw, 2-^5^/1^-1, S-y'nyO'i:^:^—^^', 

ny-«>'v;?;^-~/P^ 2-^5^/1^2, 4-^:/i5':^v'^— /V, 1, 7-^:7°^ >'v'^'->'W, 2-;?« 
5^yl^2-:7'c2tVl^l, 3-7't3y^>'v?;^-— yv, 2, 2— ;^a^f^>'U— 1, 3-:7'n^-?>'-^;i}-— 

1, s-:^r^d'iyi^:t—;v, i, g-y:^:^^;?:^-— yv, 2-:7'f^/v-2-3^'f->'i^i, s-:?" 
xay<yi^:^^;v, 1, lO-7*;^>'^^:e-— /v, 1, 1 l-'»'7*;«7:/i?;d — /V, i, 12-Ky* 
;^7>'v':e-— /I/, 1, l3-hy-7^:*^^v?^— /w. 1, 14-7"h9y'';^;:/i^;*-'-/^, 1. 15-^ 
-f^'f-^l^i^^—^v, 1, i6-^^f-x:^^v?:^"/v, 1, I7~^^^f^^^i^^--;v 
. 1, i8-;^-^i5'x;^;>'-:;^;^-— /^^ i, i9-/^7':*:^v?;r— /w, i, 20— 

[0038] m^iT^V^;vY^^viT/V:i3l^l?:t^;vtVX\-t. m^^. 

/V'^Vif:/>';r— yv, 4, 4'-^;rtf;^(3-p«^yl^6-tert-:/^/>7a;y— yW-), 4. 4' 
-y^yT'>'f ^(3-p{f^y^-6-tert-y^/w:7aiy^yu), 2, 2'-;><^u>'tf;^(4-^f^ 
yl^6-tert-3^5=-yV'73i/— yw), 2, 2'-^:^t';^(4, Q-i^-tert-zf^/VU^/jV^/:^)^ 

2, 2'-;<^i/Vfc';^(4-^^yu-6-tert-;;^'f-yv:7^y— yv), 4, 4'-^f^i^>'if;^(2, 

6-v?-tert->^'5=-/V>':3iy'-yl'), 2, 2' -(3, 5— i^-tert->^9^yl'-4-t:KD^v-)::^D/-? 
i^, 4, 4'-v^^P---dri/y7^>'l:fx?.(2, 6-v'-tert-:/f=->'^:7ai/— yV^lO^^ff 

O 

[0039] ffifa2ffiT/^3->'WiUT«. DLC^^®OJ*^SrJ:?){g;i^t?t5;^;5^b, 
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:4 — 1. 8-:^^^?^>'i^;^— /K 1, 9-y-:^V^^:^^-— /V, 1, 10-7**V>^^:^— /v, 1 
2, 6-i^-tert-zf^/l^4-(3, 5-i^-tert-:/^>'U'-4-(3, 5-i;'-tert-:/^/>-4-t 

[0040] mm3mUJ:i<DT/l^=i—M'i. tKP=3rv'y^SSf^^c|3fC3o£i._h5^-t-Stj<?5-efc<9 

hyp^^c2— /I'^ai/?':/, hy^^^^n— hy^^n— /^y^^^-^ohy^^n 

— /^T/^;^7>', aiy;^yh— /v, ^^^^y^yj.^^v-^ 1^ 2, 4-:/^5'>'^];;^^— /l^, 1, 3 
, 5-^^^:/^y;^— l, 2, 6-^df-y-:/f>y;^-~/^^ 1, 2, 3, 4-^^>y^hti—/l- 

mmm^i^^xi-im'^i^tvxi-i, m^it. i^^v±vi^. hv^v-^vi^. Th^^v^v 

>'^COi/"y-feyV(752— 8*#:. i^hy^f^ta— /p-T^Cty-^^^^COhy^^n— /PlT'a^-^V'C^ 

[0042] m'm3m&.±(Dr/u=i—Mz^\,^xi-is iJ^y-feUi^. Ny^^^cz— /V'^^>', hy^^^a 

, 1. 2, 4-:7'^>'hy;?}— /V, 1, 3. 5-^:y^l^hV:t—J\^, 1, 2, e-^^-f-l^hVyi-— 
1, 2, 3, 4-^^V7'Nci— /K y/nfh— /w. y;v\f^iy^, y;u}fY—;\^^])-^T^ 
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-So 

[0044] WI3ISfBflgJte;^^y:*/v^V^i:bTtt, , ^iJ':^^^ =^^'^m(mi^). -fxi 

yv=';^i/m> 5:y;^f^^^^#<D7^h97^';^^^i^, y<;v^=^i^mM(D^^ 
^dj^ihni^-:^^^ :t^-$r^-^l^^, hyT=ii/^>'^^ 

^^^v">'^. -.dr-fe^^^, ---y°'7^^/^. :i-'^y->^. y^-^^> T^'-fe^-^. l^^^T^'ir^- 
K'T'ir^'^, hyT-'ir>-l?^ xh^T^'-fe^-^. ^^-^y^-fe^m, ■^^f-T^'ir^^^, ^ 

-Iri^®?, K=i-fe:/^, hy^-fei^^, ■rh^s-fei^®?^ ^l^^^^l^m.. ^^"^^-^l^fk. 
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^y'^^i-^i^m. ifi^^^^i^m. j-r^^i^m.. hyT='i^-r>^#;as^jf e,^xSe 
[0045] mmmhm^^^/v:^->mi\^x\%^ immmmxn.-^mmmmimm^y. 

Ty^^<D:^^^^yzM., r-^'7-<i^m.m(D.^-)-iy-m. '^^<i^i^m.^(Dy^^i^~m. 

-<y'r>-rm. ^^-^^ZM. ^^v-i^^ms :^i^7-iyzm. y^^—^, v'-^zy- 
^:y^>'hV:^/V:^y^. -vdf1^vhy:^/^7}?:/^, ^:/^vhy;*;/V7j<>'^, :t 

[0046] m^m.mm-^^v^iy^mhvx\-i.. t;v^;v^. T/u^^/vm^^-r^m^s 
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[0049] tfriEJ!gJi;5J^^y;&/^7Kv^iiS<^3i;^7^/vf*, ±^(Dms^m'^y:^/i^^i^nkmt^^ 
/i-m-d^^f£^mx^mm:^fi^mxn2msx±h(D^:^Tjuimifhti^o ^(dxo 
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imxit2msx±t. ±m(Dim. 2mxi-±3m&.±(Dr;\^=^—/]^m^^ibf-j:^m^^m 

hfj:^mx'omiR^n^imxn2msi±t. ±.m(Dim. 2mx\t3m&.±<DT/iy=i 
[0053] mm^-T^^mn. =^—y'^^^^■^^lXi■i2!^±m't^^^m^m^\:^^x-^^. 
.0'mT/i'=i—ji^(D:^—T/i^mxi^:Lnh(D2m£k±(Dmi^^mf)^mifhn^o 
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[0054] mm^^m^—y'^^mtvxi-i. m^ii:. r=^v—jv, '7:^:^v—fv. ^0^=:^;^::^^ 

fi^hUii^^—y'/VX-h^^ttm'^\.^ \ 

[0056] mu^v^mtt. :^;i''^-==-j^^m'h^i:x\-^2)ikjtm-t^^mm^mi\L^'mx-hy). 
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r-feh:73i/i^, •7°nbf;^:7a:y>^^ :/f^ct7a:y>', x^l/a^my^-^ ^i/:/^^/ 



wo 2005/014760 



26 



PCT/JP2004/011377 



T>'V7'fcK> ^y/^wvT/i^fcK> tf^^y>T/V7*fcK. :i57:7'nvr>'V-7'tKx ■^9/>=f 
^'T/i^y^^tK, ;^;:7'i;:/T/U7^'tH\ '»'fi^/i-TjUv'\ih\ 7'>y>'Tyw-7^tK, MJT-'iy 
yWTy^7='fcH\ ^y^^f^^Tyi-T^fcK. ^i^^T-'v^/VT/^T^-'tK, ^^V^^5^^^r/^xfcH^ 

-W^r/^7=^fcH\ p-h/i^T/i'xtK^ iMJ5=-/^T/^'xtK\ ->^^-^AT^^y'■t^^ a--^ 

[0058] sfji5:^;-5}<^-h!®ft. :ti-:^^^-m^^ixi^2&.±^-r^-^mm^m^t^m 



wo 2005/014760 



27 



PCT/JP2004/011377 



[0059] ttHBTyl^^— /U«fi^R-(OH)nX% ^^^^^mmit.^R-(COOH)n-(:\ tulE^ 

>^7^/w^fi^R-(coo-R')nX% mrlH^-7^/vmfi^R-(o-R')nr\ ttria<5rh:^^j:i 

5S:R-(CO-R')n-r\ Miar/W^tKM«^R-(CHO)n*^, S&IE;{;— ^t?^-h^(t^ 
R-(0-COO-R')n-t?^i-ra:'Jj-T?#5o 
HtllBRSU^R'f^^n^tbSiJiSJvl, T/l'=35^>'L'S, T>'V<^=7WS, T/V=¥UVS. ->^'C3 

[0060] mfd.T/U^J\^mtVXi'i, ■^il^fi. ^^/VS^ n-T'afcVV^, -YVT'ct" 

/l^S. n-->^^/VS, -I'yT'^/VS. sec-:/5^/W^, tert-^^^/WS. iiLi^Xfi^5K<Z) 

i-ii^^m^^^>/i-m. w:mxn^^(DhV'fiy/\^m. umxn^^(DTh^y'->/^M 
. w:m.xi^i^^(D^:y^T^iyji^m. mmxi-i:^^<D^^-^T'^^j^m. Wimxit^ 

\tmxn^^(D4^i^^i-^. mmxi-t^^<D^:^:x.^=ii^jum. umxi-x:^^ 
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[0061] m^T/u^^/i^mtvxi-i. m^it. tf^/vs. w:mxi-i'^i&(D>^u-<=^ji^m. a: 

mxi'i:^^<DV^'^^/um. w.mxi-±^^(DhVv'^=^/\ym. mmxii^^^<Dy'hy 
7'±=-/\^m. m.mxi-ii^^<D^:^^'f±^/i^m. m^xi-t^^(D^^^f-^=-/v 
m. w:mxit^^(D^^'$'y'±=^/i^m. wmx\t^i&<D:;i-^^y''^=-/v^^ umx 
\±^^<D^-rf-^=-;vm. is^xfi^^^co-r^-fe^/vs. m.m.x\'i.^i&(o^i^:^^ 
t2^=-;vm. m.m.x\-^^^<DY^-\z=-;vm. m.mx\•^'^^w)=^^=^?^^m. w.mx 

o 

[0062] mWy^nT;V^JVmh:VX\-X. Mx.f^. v'^n-O'f^/VS. i^^d-vdrV/V*, i^^ 
^^:r.^;\^^i7u^^^^;vm. ^^yVv'^P'-^T'f^/^S^ v?^^yL'v'^n^:/^yuS, 
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4-p«^yl'73i:=^>'^S, 2. 6-v>-tert-y^/W-4-(3, S-v'-tert-T/^/l— 
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m^fhti^^o J^'oMi^mat, r^^^^r. :^^/vrv^. ^^jvr^^. T'dtvur^^- 
, i/^/vr^^-, ^i^^ivr^-y. ^^-y^vrx-y^ ^-if^fvrvy. ir^'J-jvr^-y^ y 

=^;VT%-y. f-yjVTVy^ '^^yfiyJl'TVy. K7'i^/'WT5:>'> hlJT^v'yvr^^, -T^h^ 
'fiy^\^TVy. ^y^'fi^J'X^TXy, ^drih7*i/7VT5>', ^•:fd''fl^;VTVy^ -^^^ 

-f'TjvT^y^ 'J>^y^)VTVy. v?-^=^^>7wr$>-, -J>^-:t^)vrvy. V'^-^^/vr 

^yjVTVy. i^T-Wf^yfVTVy^ i^^y-^f^yfVT^y, V'^^^fyf\^TVy. 
^':f^=f-yf\^TVy. i>:i-^^=f'yfVT%iy^ ;^^>'^3^^/wT^v, fv:/vi\f jVT% 
>■^ ;^^^vy^f-/vTVy^ =i:.'f-)V':fxi\f)VTVy^ :x.'^jvff-)VTVy^ •:fxi}£)v:f==f-)V 

. :3Ly-=^;VT%y. -fxi^^-iVT^y. ■fv-=^}\^rVy . ■:^^7-^fVT%y^ -^^^JVTX 

:ym(D^m^2-30(Dm.mv^xi^^^^'^(Dr/i-^=-/\-m^^-i-^r7\y'^=./]^TVy 

—)VT%iy. ^^^/—jvrvy. ^':r^/^;vTVy. ^i^^z—jvrvy. /-r^^jv 
TVy, /—)\^:^^ /^j\'r%y. /^j\^':fxiy<y^;vTVy. :^dfJ—)\^-:f9J— 

fVT^y^ /—J^-:/ny</—jVTVy^ J—)Vzf^ /—)VTXy^ zfxJL/^./^jv 

TfVtsJ—}VT%y^ :^=f-\yly^yT%y . =s:.^uy-J'TVy , y^ntV^-v^T^i/^ zf=f-u 
>\:^TVy^(D^mWLl—30(Dm.m^JLU.^W'^<Dr/v^uyVTVy, ^Ja^^uy 
Y]}T%y. h}}::^^\y>''rV=7Vy. 'rVv^^\y>'^^y^^'y. ^y^:^'f-\yy^^-^^-y 
^(0:^])T%y. ^yfi^^^^Jsi^-^/vT^y, '^y'T'y?\^^^^^/—)\^TVy. yf-yj^^ 
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[0066] Ji;^_h, -^^^^a^k'^#j{^:ov^-r^pjbfc;e>s. :itih<D^-chmmi&m^^i^m 

[0067] mw.mmmTv^mtvxi-i. mmm-3o. tii-^\^<iimmm-24. m^tii-^v 
[0068] m!ni^mm-30(Dw:m'^xit^^^<Dmmmm[:7kmmt\.xii. Mx.fi\ 

^^v'/vS^ ^T'^yw^, /=/'V^> v^i^/V^, !>:^v^v'>'W^, v'/v 

S> hVy^iyjl^^^ T^b^T^v'yl'S^ -^V'tJ^T^v'ywS, ^yi'y^-y/^ 
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/I'Sx xh7=3v'yVS> -~^>'i5'3i/>'VS^ ^^•!^=35/'yUS^ ^•/^^''yjV^^ :t^^=^i^ 

v'l'S. •7^hy'xir=:/uS, ^V^J^'T^-ir^./^S. -^^^f-y-T^-fe^/^S^ ^>^^7'"-lr:=i/^^ 
MJ=i-fe:=^/vS^ 7^h7=i-fec=:/u-^, -O-^^nir::^/!^^^ ^-i:^^ 

[0069] mmmmrv^mti^xn. ±^(D^mm-3o<Dmm'^xi'i^j^^'j[k(DEmm 

#bti.SN, N-v'7Ky;*-drv'T/i'^W'>--N-T/^^>'^XttT/V'5^=>'WT5:^> J;!?:^ 



wo 2005/014760 



33 



PCT/JP2004/011377 



[0070] *^pJcDvPlm?ffi^-^3v^x. i:K>mmmm^^^m-ir^fM^mi^mmM^'^^^ 
mmm-^mmmxmm. owM%sir. 0-*b<{^o. 05-3. oki:%. h 

{C$f*b<ttO. 1—2. 0S»%, #(vl$f*U<HO. 5—1. 4^*%-I?feS„ 

[0071] ;*:^0j<^pm?a{-tt, ±t&^^^(Dmi^. iE\'imM^n^\km\^it>]:^x. ^mm 
mm^^MTM. mnm±M. m&m. ±f&sj.^(Dm(DmmmmM. (b) 

:^mmm. ^mmm^L mum. ^>-/i-mmM. mmm. «p^^j^t>'inbo 

[0072] Bmmm:\^±mt\^xi-i. ^m:>i^^v/^m(om^m'^'t(D7i<immxit:Ltih<Dii 

-■:fTi^. 1 — 

^t!cM4<yp^^i^yi/—b-Cttii^5000— 1000000, ^fSb<filOOOOO— sooooo 

-efe'i). /Ky^VT^'^^i/i^xtt^f^Tfc^'fli^j-eJiiiSsoo— 5000, az^u>'-a-;r 

U7^>'*m'g-^*:S.U«^<^7K^'ft:#5'X?(iji^800— 300000, $f^b<fil0000— 
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0. 1—40. Ofi»%;6SM*LV\ 

[0073] mw},^mrMt\^xn. mmmmmi^^^omm^^rm^^^mx^. M;tf^. 
. ^:tv:^^=^:^T/\-m. ^^^:^v>fk^^'r/^m. ^fbh<Dmmmm<D'^m^. -t^ 

^mm<Dmmm^^\^^xmm>^±m.mEEM^'^^^'^?>m^(Dm'^iiWim 

^nmxmno. 01-0. lfi»%. $f*L<{iO. 08fi4%iii.T. iH^{-^-SU<«0. 
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•:f^=-;V^\%, ^2p*|,^J5^4;aS700— 3500. $f*b<fi900— 2500(7)^)(Z)MV^ 

^(ot^^w ^it. mm^mmtvxi-i. :t^^m<t^mmmi^s ;*/i-xKi^^fi^#:^ 

^Vzf^i^Ttm^W&xo. 001—0. ^^b<(io. 03mM%SlT> 

^?*U<«0. 02fifi%JiiT-efo5o 
[0075] ?J5m^lkVXi-i. MxL«. T/i'di^/V'<>'-^v;^/v:7;^-;^;— -:^yc:^/w-^'7i5'ixv><.yv 

<^7KyT/i-^U'>'^y3-/v^^'1':^-i^^#®«1±^J^;iS^Jff>n5o 
-^=^^•^i:5«^(^#J^H#}c$lJpgtt/j:v^;6^ pm«^l:S2iT?ii1^0. 0005-1 
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[0076] :^mm(Dmmm^is\,^x, ±j&(Di£^,m\^it-^:^xm^-v^^mm(D'p-vh. 

m%&.T. iD$f*b<fm iv:M%&.T. m^c:0*l.<«o. 05m*%&.T. xr)^ 
[0077] :^mm(Diy:^y'Mc:}d\,^x±mmmmi:i^mm(Dmmm^^^^'^^Kii^ m 

[0078] ;2is:^Bj<^DLC^MffioPm:^fef*. ^>^i<tt-^;i5DLC-eM®^nfc. 
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[0079] j^T. :^mm^mmmRmmmi^xy)^\mm-r^t^. ^mmi-i^tL^i^m^ 

[0080] [^1] 







DLC 


(ix m) 


Hv 


(Aim) 




SUJ2 m^mtt 


a-C 


1 . 1 


18 0 0 


0.0 4 


RSI 


SVJ2 ifmmtt 






7 50 


0.0 5 



[0081] mmmcomm) 

T^m^t^^mm^x^^o mmim. ioox:i>c^i-f^wi'^mm. 9mm Vs. -^mmm 



wo 2005/014760 



38 



PCT/JP2004/011377 



«?ft(Exxon-Mobil ChemicalttM. SHF41)"C'*>5o S?ftIIU*> 100t:j;:*5lt51l)3te-K 
m. 4mm Vs. JteSfg^;asi02. ±^#i^'^«?JS21. 0«l:%T'fe«P. H^-^mM 

[0082] 

: 80*C. #S : 400N. ^i|rg : Smin. ji : 50Hz 

[0083] [^2] 





ii%«y 1-1 


mmm 1-2 


itvim 1-1 


tmm 1-2 


mm (mm^mmm. 9tft%) 

I(ffl«»SA(A)) 


10 0 


100 


100 


100 










13.6 


: 3 0»« 


0. 050 
0.043 


0. 043 
0. 040 


0. 065 
0. 092 


0.082 
0.095 



[0084] m2X'o. mmm<Dmmm^m\^^fcm^<Dio^'^(Dmm^mi-i.misbxi&<. *fc. 
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[0085] mmm2-i-2-3. #^^i2-i^t;?jfc^M2-i 
[0086] mmnm 

i2):^^yi^iy^—i^Vi^t^mmU^ 

mui^~^Riy^vcmn-i(Dmmm^i^mv.fc.m'k(ommvj^^^mmt\.x. mmm 
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[0087] [*3] 









mm2ri 








10 0 


10 0 


10 0 


10 0 


10 0 














(jammn^^mi^m^ i 


3. 0 






3. 0 








3. 0 














1. 5 








1. 0 


1. 0 


1. 0 


1. 0 




miim'< t>Hf' I 








12.0 














13.6 














(l)SRVJ|l»Wlfc: 1 0 5}-« 


0.041 


0. 041 


0. 062 


0.043 


0. 082 


* 3 OS^^ 


0. 043 


0. 042 


0.082 


0.045 


0. 095 










a-C W 




*»WiB»*(%) 800rpin,100^ 








18.8 


OCSflS) 


2000rprB, 60t: 








6.6 


OCSHI) 


(3) ismmfS£m»ms»9t oo 


0. 058 











[0088] ^3J:>9. mm-^^^\^f^\^^^m%w^M^^^-r^mmm^m^^tcnmm2-i- 



wo 2005/014760 



41 



PCT/JP2004/011377 



[0089] mmm3-i-3-2. ^mmi-mrmMm^-x 

wn-immt^m^)^Rr^mm%:m^x. mmm-itmmi^(.i)sRvm^m. (2) 
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